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1. 

HARDWARE LOAD BALANCING THROUGH 
MULTIPLE FABRICS 

BACKGROUND OF THE INVENTION 

Local Switching networks (e.g., a Switching network 
contained within an office building) may include a Switching 
fabric connecting end devices via line cards. The term end 
devices is defined in this specification to include desktop 
computers, printers, routers or other networking equipment 
etc. FIG. 1 illustrates, in block diagram form, an exemplary 
local switching network 100. Local switch network 100 
includes a Switching fabric 102 (e.g., a cross bar Switching 
fabric) coupled to line cards 104–108. Each of the line cards 
may include one or more ports which, in turn, may be 
coupled to end devices or other networks. FIG. 1 shows line 
card 106 coupled to four end devices 110–116, line card 104 
coupled to end device 118, and line card 108 coupled to end 
device 120. 

Line card 106 shown in FIG. 1 includes a pair of end 
device ports embodied in port application specific integrated 
circuits (ASICs) 122 and 124. The port ASICs 122 and 124 
are coupled to end devices 110–116 and to switching fabric 
102 via interface and local switch 126. Port ASICs 122 and 
124 are coupled to interface and local switch 126 via a 
shared bus 128. Moreover, interface and local switch 126 is 
coupled to switching fabric 102 via data link 130. Line cards 
104 and 108 are likewise coupled to switching fabric 102 via 
data link 132 and 134, respectively. 
The local switching network 100 shown in FIG. 1 may 

employ one of many different communication protocols 
enabling data communication between one or more end 
devices 110–120 via line cards 106 through 108 and switch 
ing fabric 102. FIG. 1 will be described with reference to a 
communications protocol in which end devices communi 
cate by transferring variable sized data frames with headers 
including source and destination information. Communica 
tion between end devices 110–120 can occur via a stream of 
such variable frames transmitted therebetween. 

FIG. 2 illustrates an exemplary frame 200 used in the 
network 100 shown in FIG. 1. More particularly, frame 200 
includes a header which further includes: field 202 contain 
ing a source IP address of one of the end devices 110–120; 
field 204 which contains a port number associated with the 
source IP address; field 206 which contains a destination IP 
address of an end device to receive frame 200, and field 208 
which contains a port number associated with the destination 
IP address in field 206. Frame 200 may further include one 
or more fields 210 for the data payload. 

SUMMARY OF THE INVENTION 

The present invention relates to a method and apparatus 
for balancing loads in multiple Switching fabrics. Each 
Switching fabric comprises data ports through which data 
frames enter or exit the switching fabric. In one embodi 
ment, the apparatus includes a buffer and a routing data 
generation circuit. The buffer receives a data frame to be 
transmitted to a destination device via one of the Switching 
fabrics coupled thereto. The routing data generation circuit 
is coupled to the buffer. The routing data generation circuit 
generates and adds routing data to the data frame received by 
the buffer. The routing data identifies one of the data ports 
of one of the switching fabrics through which the data frame 
will exit to reach the destination device. After the routing 
data is added to the data frame, the buffer transmits the data 
frame to one of the Switching system. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention may be better understood, and its 
numerous objects, features and advantages made apparent to 
those skilled in the art by referencing the accompanying 
drawings. The use of the same reference number throughout 
the figures designates a like or similar element. 

FIG. 1 is a block diagram illustrating a first local switch 
ing network; 

FIG. 2 is a block diagram illustrating a an exemplary data 
frame transmittable through the first local switching network 
of FIG. 1; 

FIG. 3 is a block diagram illustrating a second local 
Switching network; 

FIG. 4 is a block diagram illustrating a local Switch used 
in one of the line cards of FIG. 3; 

FIG. 5 illustrates operational aspects of the local switch in 
FIG. 4; 

FIG. 6 is a block diagram illustrating a third local switch 
ing network; 

FIG. 7 is a block diagram illustrating a local switch used 
in one of the line cards of FIG. 6; 

FIG. 8 illustrates operational aspects of the local switch in 
FIG. 7. 

While the invention is susceptible to various modifica 
tions and alternative forms, specific embodiments thereof 
are shown by way of example in the drawings and will 
herein be described in detail, it should be understood, 
however, that the drawings and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed but on the contrary, the intention is to cover all 
modifications, equivalents, and alternatives falling within 
the spirit and scope of the present invention as defined by the 
appended claims. 

DETAILED DESCRIPTION 

The local switching network 100 of FIG. 1 shows a single 
data link between each line card 104–106 and switching 
fabric 102. Additional data links may be added between a 
line card and switching fabric 102. For example, FIG. 3 
shows a local switching network 300 in block diagram form 
including three line cards 302–306 coupled to switching 
fabric 308 via data links 310–318. Although not shown, each 
line card shown in FIG. 3 includes one or more end device 
ports embodied and one or more interface and local 
Switches. 

In FIG. 3, data links 310–318 are coupled to data ports of 
entry/exit 320–328 (data ports of entry/exit may be referred 
to as points of entry/exit, it being understood that data ports 
and data points are used interchangeably), respectively, of 
switching fabric 308. Line card 302 is coupled to switching 
fabric 308 via a pair of data links 310 and 312, line card 304 
is coupled to switching fabric 308 via a pair of data links 314 
and 316, and Line card 306 is coupled to switching fabric 
308 via a single data link318. Although not shown, each line 
card 302–306 may be further coupled, directly or indirectly, 
to one or more end devices such as desktop computers, 
printers, etc. 
Where line cards are connected to a switching fabric via 

separate data links, certain data transmission requirements 
must be met. More particularly, a frame in a flow between 
end devices must be delivered only once to avoid frame 
replication. Moreover, the frames in a flow between two end 
devices must be delivered in order. However, where multiple 
data links exist between the fabric and line cards coupled 
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thereto, one or more of these data transmission requirements 
may be inadvertently breached. 

FIG. 4 shows one embodiment of at least one interface 
and local switch (hereinafter referred to as local switch) 400 
that may be employed in the line card 302 shown in FIG. 3. 
It is noted several local switches such as local switch 400 
shown in FIG. 4, may be employed in exemplary line card 
302, each operating on one or more flow of frames. Further, 
it is noted that line cards 304 and/or 306 may employ one or 
more local switches such as local switch 400 shown in FIG. 
4. 

Local switch 400 includes a frame buffer 402 that receives 
frames from an source end device coupled to line card 302. 
Local switch 400 adds fabric routing data to these frames 
before they are transmitted to a destination end device via 
fabric 308 and data link 310 or 312. Buffer 402 is shown 
containing at least one frame having a format similar to that 
described with reference to FIG. 2. Buffer 402 can Store 
several such frames simultaneously. It is noted that the frame 
in buffer 402, unlike the frame shown in FIG. 2, includes a 
field for the storing fabric routing data as will be more fully 
described below. 

Local switch 400 of FIG. 4 also includes a result-bundle 
hash (RBH) generator 404, a fabric port of exit/entry 
(FPOE) lookup table (LUT) 406, mask table 408, and a 
multibit ANDing circuit 410. RBH generator 404 is coupled 
to buffer 402 and receives the destination IP address or a port 
number associated with the destination IP address of a frame 
contained therein. It is noted that RBH generator 404 may 
receive additional or alternative information from this 
frame. Ideally, RBH generator will receive data from the 
header of the frame which data is constant for all frames in 
the flow. However, for purposes of explanation, RBH gen 
erator 404 will be described as receiving only the destination 
IP address of the frame, it being understood that the present 
invention may operate with RBH generator 404 receiving 
just the port number destination of the frame. 

The destination IP address corresponds to an end device 
where the frame is to be received. The destination IP address 
may also correspond to two or more end devices coupled to 
the same or different line cards. RBH generator 404 gener 
ates a multi-bit RBH value as function of the destination IP 
address of the frame. In one embodiment, the RBH genera 
tor may take form in a look-up table that stores RBH values. 
Alternatively, RBH generator may be an embedded proces 
Sor that generates RBH values as a function of an algorithm 
to produce the RBH values. 
Mask table 408, in the embodiment described with ref 

erence to FIGS. 3 and 4, contains two masks. In another 
embodiment, the mask table may contain more masks. The 
number of masks in table 408 may equate to the highest 
number of data links between the switching fabric and a line 
card coupled thereto. The masks are distinct multi-bit val 
ues. The number of bits in each mask typically equates to the 
number of exit ports from fabric 308 through which a frame 
may exit. Each mask in table 408 has five bits correspond 
ing, respectively, to the five ports of exit 320–328 through 
which a frame may exit. In the illustrated embodiment, the 
least significant bit of each mask table 408 mask corre 
sponds to port of exit 320 in fabric 308, and the most 
significant bit corresponds to port of exit 328 in fabric 308. 
The bits of each mask are set to logical 1 or logical 0. If 

a line card is coupled to the Switching fabric through only 
one port of exit, the mask bit corresponding to that one fabric 
port of exit is always set to a logical 1. In the illustrated 
example, the most significant bit of each mask in table 408 
is set to logical 1 since the most significant bit corresponds 
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4 
to port of exit 328, and port of exit 328 is the only port of 
exit that couples fabric 308 to line card 306. When two bits 
correspond to distinct ports of exit that couple the Switching 
fabric to a single line card, then in each mask only one of 
these two bits will be set to logical 1 while the remaining bit 
is set to logical 0. The particular bit of the two bits that is set 
to logical 1 will be different in each mask. In the illustrated 
embodiment, the second and third most significant bits of 
masks in table 408 correspond to ports of exit 326 and 324, 
respectively, which couple fabric 308 to line card 304 via 
data links 316 and 314, respectively, while the first and 
second least significant bits of the masks correspond to ports 
of exit 320 and 322, respectively, which couple fabric 308 to 
line card 302 via data links 310 and 312, respectively. As 
such, the second and third most significant bits of the first 
mask in mask table 408 are set to logical 1 and logical 0. 
respectively, while the second and third most significant bits 
of the second mask in mask table 408 are set to logical 0 and 
logical 1, respectively, and the first and second least signifi 
cant bits of the first mask in mask table 408 are set to logical 
1 and logical 0, respectively, while the first and second least 
significant bits of the second mask in mask table 408 are set 
to logical 0 and logical 1, respectively. 
One of the two masks of table 408 is provided to ANDing 

circuit 410 in response to the RBH value that is generated or 
provided by the RBH generator 404. In one embodiment, the 
mask provided to ANDing circuit 410 depends upon whether 
the least significant bit of the value generated by RBH 
generator 404 is a logical 1 or a logical 0. For example, the 
first of the two masks is provided to ANDing circuit 410 if 
the least significant bit of the generated RBH value is a 
logical 0, or a second mask is provided to ANDing circuit 
410 if the least significant bit of the generated RBH value is 
a logical 1. It is noted that the present invention may be 
implemented without RBH generator 404. In this alternative 
embodiment, the least significant bit of the destination IP 
address (or other data in the frame) may be used directly to 
select one of the masks in table 408. 
FPOE LUT 406, like RBH generator 404, receives the 

destination IP address or, as noted above, a port number 
associated with the destination IP address of the buffer 
frame, or other header field data. The present invention will 
be described with FPOE LUT 406 receiving only the des 
tination IP address. The same destination IP address, accord 
ingly, is provided to both the FPOE LUT 406 and the RBH 
generator 404. In response to receiving the destination IP 
address, FPOE LUT 406 outputs a stored FPOE to ANDing 
circuit 410. As will be noted below, ANDing 410 bit wise 
ANDS the received FPOE with one of the mask table 408 
masks, the result of which is entered as fabric routing data 
into a field of the frame. 
The FPOEs Stored in LUT 4.06 are multi-bit values. The 

number of bits in each FPOE typically equates to the number 
of exit ports from fabric 308 through which a frame may 
exit. Each FPOE in LUT 406 has five bits corresponding, 
respectively, to the five ports of exit 320–328 through which 
a frame may exit switching fabric 308. In the illustrated 
embodiment, the least significant bit of each FPOE stored in 
LUT 406 corresponds to port of exit 320 in fabric 308, and 
the most significant bit of each FPOE in LUT 406 corre 
sponds to port of exit 328 in fabric 308. 

Each FPOE in LUT 406 corresponds to one or more 
destination IP addresses (or alternatively, one or more des 
tination port numbers). The bits of each FPOE are set to 
logical 1 or logical 0. In the illustrated example, bits of an 
FPOE which are set to logical 1 identify corresponding ports 
of exit of the fabric through which a frame may emerge to 
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reach the destination IP address of an end device. For 
example, the two least significant bits of an FPOE may be 
set to logical 1 to identify exit ports 320 and 322 of fabric 
308 through which a frame may exit fabric 308 to reach an 
end device coupled to line card 302. 5 
ANDing circuit 410, in response to receiving the FPOE 

and mask, bit wise ANDs the received FPOE and mask to 
produce the frame routing data mentioned above. The rout 
ing data is stored within field 412 of the frame contained 
within buffer 402. The routing data will be a multi-bit value. 10 
After field 412 of the frame is updated with the frame 
routing data, the updated frame is transmitted to the fabric 
308 via data link 310 or 312 depending upon, in one 
embodiment, the least significant bit of the RBH value 
produced by RBH generator 404. 15 
The number of bits in the routing data will equate to the 

number of exit ports of the fabric. One or more bits of the 
routing data will be set to logical 1. Those bits of the routing 
data set to logical 1 designate ports of exit from which the 
frame, once updated, will emerge from the fabric. In the 20 
illustrated example, if the most significant bit of the routing 
data is set to logical 1 while the remaining bits are set to 
logical 0, then the frame which contains this routing data 
will emerge from fabric 308 only at port of exit 328. To 
further illustrate, if the two most significant bits of the 25 
routing data are set to logical 1 while the remaining bits are 
set to logical 0, then the frame which contains this routing 
data will be duplicated, and a copy of each will emerge from 
fabric 308 at ports of exit 326 and 328. 

With continuing reference to FIG. 3, FIG. 5 illustrates 30 
operational aspects of local switch 400 shown in FIG. 4. 
More particularly, FIG. 5 illustrates operational aspects of 
local switch 400 when it receives a first frame of a flow to 
be transferred to one end device coupled to line card 304. In 
this illustrated example, the first frame includes a destination 35 
IP address that designates the end device coupled to line card 
304. FPOE LUT 406, in response to the buffer 402 receiving 
this frame, outputs FPOE 502 to ANDing circuit 410. The 
second and third most significant bits of FPOE 502 are set 
to logical 1 to indicate that the first frame may exit fabric 308 40 
only through ports of exit 324 or 326 (see FIG. 3). RBH 
generator 404 generates an RBH value. For purposes of 
explanation, the least significant bit of the generated RBH 
value will be presumed to be a logical 0. Mask table 408, in 
response to the generation of the RBH value having a least 45 
significant bit equal to logical 0, outputs first mask 504 to 
ANDing circuit 410. ANDing circuit 506 bit wise ANDs 
FPOE 502 and first mask 504 to generate fabric routing data 
506. The first frame is subsequently updated with routing 
data 506 and transmitted to fabric 308 via data link 310. 50 
Within fabric 308, the updated first frame is routed to only 
port of exit 326, in accordance with the routing data 506, and 
subsequently transmitted to line card 304 via data link 316. 

FIG. 5 illustrates operational aspects of circuit 400 for 
transmission of one frame of a flow of frames from card 302 55 
to 304 via fabric 308. Any other frame in the flow would 
receive the same routing data 506 before being transmitted 
to fabric 308. In this manner, all frames in the flow are 
received by line card 304 and subsequently by the end 
device coupled thereto, in order and without duplication. 60 
The description above describes a local Switching system 

having a single fabric connecting several line cards. FIG. 6 
illustrates a local switching network 600 containing two 
switching fabrics 602 and 604. Fabric 602 is coupled to line 
cards 606–612. Fabric 604 is coupled to line cards 606 and 65 
612. Line cards 606–612 are coupled to fabrics 602 and 604 
via data links 614-626. Data links 614, 616, 618,620, and 

6 
622 are coupled to fabric 602 via fabric ports of exit 634, 
636, 638, 640, and 642, respectively. Data links 624 and 626 
are coupled to fabric 604 via fabric ports of exit 644 and 646, 
respectively. 
The network shown in FIG. 6 is subject to the require 

ments that frames in a flow must be delivered to its desti 
nation in sequential order and without duplication. To main 
tain flow order, once a flow to a destination line card has 
begun using one of the two fabrics 602 and 604, all frames 
in that flow should use the same fabric. It is noted that 
additional line cards could be added to the destination of a 
frame flow after the flow has begun which may be unreach 
able by the switching fabric already in use. In such a case the 
new destination may use the other fabric but old destinations 
must continue to receive frames from the fabric used in order 
to maintain flow order. 

FIG. 7 is a block diagram illustrating one embodiment of 
an interface and local switch (hereinafter referred to as local 
switch) 700 that may be found within line card 606 of FIG. 
6. Local switch 700 may take one of many forms, it being 
understood that local switch shown in FIG. 7 is but one 
embodiment. It is noted several local switches such as local 
switch 700 shown in FIG. 7, may be employed in the 
exemplary line card. Further, it is noted that any of the other 
line cards 608–612 may employ one or more local switches 
Such as local Switch 700 shown in FIG. 7. 

Local switch 700 shown in FIG. 7 includes a pair of frame 
buffers 702a and 702b, an RBH generator 704, a mask table 
706, an FPOE LUT 708, a multibit ANDing circuit 710, a 
circuit 712 for concatenating FPOEs stored in FPOE LUT 
708, ORing circuits 714a and 714b, and switching circuits 
718a and 718b for selecting a fabric routing data. It is noted 
that components 702a–718b of local switch 700 need not be 
contained on a single card. Rather, Some of the components, 
such as RBH generator 704, may be located remotely on a 
separate card. 
One of the buffers 702a or 702b may receive a frame of 

a flow from a source end device coupled thereto. The frame 
may be subsequently copied to the other buffer so that 
buffers 702a and 702b contain identical frames. Alterna 
tively, the frame may be held in an intake buffer and copied 
into one or both of buffers 702a and 702b simultaneously. 
FIG. 7 shows buffers 702a and 702b with the same frame of 
a flow contained therein. Local switch 700 adds fabric 
routing data to one or both of the identical frames in buffers 
702a and 702b before one or both are transmitted to fabric 
602 and/or 604. Local switch adds routing data to only one 
of the identical frames in buffers 702a and 702b if frame is 
part of a unicast or multicast flow that transmits through only 
one of the two fabrics 602 and 604. A unicast flow defines 
a flow of frames between two end devices. A multicast flow 
defines frame flow from a single source end device to 
multiple end devices. The frame that receives the routing 
data is transmitted to fabric 602 or 604, and the frame in the 
other buffer may be subsequently removed or deleted. How 
ever, if the received and copied frame is part of a multicast 
flow transmitted through both fabrics 602 and 604, then 
local switch 700 adds routing data to each frame in buffer 
702a and 702b before both frames are transmitted to fabric 
602 and 604, respectively. The routing data added to each of 
the identical frames may be different. 

Each frame in buffers 702a or 702b has a format similar 
to that shown in FIG. 2. Buffers 702a and 702b can Store 
several such frames. It is noted that the frame in buffers 702a 
or 702b includes a field 742 for storing fabric routing data 
as will be more fully described below. 
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With continuing reference to FIGS. 6 and 7, frames may 
be transmitted from line card 606 to fabric 602 via data link 
614, from line card 606 to fabric 604 via data link 624, or 
from line card 606 to both switching fabrics 602 and 604 via 
data links 614 and 624, respectively. Both data links 614 and 
624 may be used concurrently to transmit frames of one flow 
or separate flows thereby increasing frame flow out of card 
606. Each frame in a unicast flow must transmit to fabric 602 
or 604 via data link 614 or 624, respectively. 
RBH generator 704 accesses a frame in buffer 702b and 

receives the destination IP address or a port number asso 
ciated with the destination IP address of the frame. In 
response, RBH generator 704 generates an RBH value as a 
function of the destination IP address or the port number 
associated with the destination IP address. In one embodi 
ment, the RBH generator 704 may take form in a look-up 
table that stores RBH values. Alternatively, RBH generator 
704 may take form in a processor that generates RBH values 
as a function of algorithm instructions to produce the RBH 
values. Given that frames in a flow will have the same 
destination IP address or port number, the RBH value 
generated by the RBH generator 704 will be consistent for 
each frame of that flow. 

The least significant bit of the generated RBH value is 
used to select one of several masks contained in mask table 
706. Mask table 706, in the illustrated embodiment, contains 
first and second masks. In another embodiment, the mask 
table may contain more masks. The number of masks in 
table 706 may equate to the highest number of data links 
between a line card and the switching fabrics coupled 
thereto. For example, if an extra data link existed between 
line card 606 and one of the switching fabrics 602 and 604, 
table 706 would include three distinct masks. 

The first and second masks in table 706 are distinct 
multi-bit values. Each mask contained in table 706 includes 
a pair of concatenated first and second Submasks. The first 
and Submasks are associated with data links 614 and 624, 
respectively. The number of bits in each Submask equates to 
the number of exit ports in fabrics 602 and 604. In the 
illustrated embodiment, each submask in table 706 has 
seven bits corresponding, respectively, to the seven ports of 
exit 634-646. In the illustrated embodiment, the least sig 
nificant bit of each submask corresponds to port of exit 634, 
and the most significant bit corresponds to port of exit 646. 
The bits in each Submask are set judiciously to ensure that 

frames in a flow are received by one or more destination end 
devices in order and without replication. As noted above, the 
first and second Submasks correspond to data links 614 and 
624, respectively, which in turn are coupled to fabrics 602 
and 604, respectively, via ports of exit 634 and 644, respec 
tively. The bits of each mask are set to logical 1 or logical 
0. It is again noted that each Submask corresponds to a 
respective Switching fabric. For illustrative purposes, each 
mask includes first and second Submasks concatenated 
together. In the illustrated example, each first Submask 
corresponds to switching fabric 602 while each second 
submask corresponds to switching fabric 604. A line card 
may be coupled to one or both of the switching fabrics. 
When a line card is coupled to only one fabric via a single 

port of exit, then the bits corresponding to the single port of 
exit will be set to logical 1 in each of the submasks 
corresponding to the one fabric, while the bits corresponding 
to the single port of exit will be set to logical 0 in each of 
the other submasks. In the illustrated example, line card 610 
is coupled to only fabric 602 via port of exit 640. As such, 
the bits corresponding to port of exit 640 in each of the first 
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Submasks is set to logical 1, while the bits corresponding to 
port of exit 640 in each of the second submasks is set to 
logical 0. 
When a line card is coupled to only one fabric via two 

ports of exit, then only one of the two bits corresponding 
respectively to the two ports of exit will be set to logical 1 
in each of the Submasks corresponding to the one fabric, 
while the two bits corresponding to the two ports of exit will 
be set to logical 0 in each of the other submasks. Further, the 
particular bit of the two bits that is set to logical 1 will be 
different in each of the submasks. In the illustrated embodi 
ment, line card 608 is coupled to fabric 602 via ports of exit 
636 and 638. As such, only one of the two bits corresponding 
to ports of exit 636 and 638 will be set logical 1 in each of 
the first submasks, while the two bits corresponding to ports 
of exit 636 and 638 will be set to logical 0 in each of the 
second Submasks. Further, the particular bit set to logical 1 
will be different in each of the first submasks. For example, 
the bits corresponding to ports of exit 636 and 638 will be 
set to logical 1 and logical 0, respectively, in one of the first 
submasks, while the bits corresponding to ports of exit 636 
and 638 will be set to logical 0 and logical 1, respectively, 
in the other first submask. 
When one line card is coupled to two fabrics via separate 

ports of exit, then one of the two bits corresponding respec 
tively to the separate ports of exit will be set to logical 1 in 
the first submask of the first mask while the two bits 
corresponding respectively to the separate ports of exit will 
be set to logical 0 in the second submask of the first mask, 
and one of the two bits corresponding respectively to the 
separate ports of exit will be set to logical 1 in the second 
submask of the second mask while the two bits correspond 
ing respectively to the separate ports of exit will be set to 
logical 0 in the first submask of the second mask. Further, 
the particular bit of the two bits that is set to logical 1 in the 
first submask of the first mask will be different than the 
particular bit of the two bits that is set to logical 1 in the 
second Submask of the second mask. In the illustrated 
embodiment, line card 612 is coupled to both fabrics 602 
and 604 via ports of exit 642 and 646, respectively. As such, 
one of the two bits corresponding to ports of exit 642 and 
646, respectively, will be set to logical 1 in the first submask 
of the first mask while the two bits corresponding to ports of 
exit 642 and 646, respectively, will be set to logical 0 in the 
second submask of the first mask, and one of the two bits 
corresponding to ports of exit 642 and 646, respectively, will 
be set to logical 1 in the second Submask of the second mask 
while the two bits corresponding to ports of exitó 642 and 
646, respectively, will be set to logical 0 in the first submask 
of the second mask. Additionally in the illustrated embodi 
ment, the bits corresponding to ports of exit 642 and 646 will 
be set to logical 0 and logical 1, respectively, in first 
submask of the first mask, while the bits corresponding to 
ports of exit 642 and 646 will be set to logical 1 and logical 
0, respectively, in the second Submask of the second mask. 
One of the two masks of table 706 is provided to ANDing 

circuit 710 in response to the RBH value that is generated or 
provided by the RBH generator 704. In one embodiment, the 
mask provided to ANDing circuit 710 depends upon whether 
the least significant bit of the value generated by RBH 
generator 704 is a logical 1 or a logical 0. For example, the 
first mask in table 706 is provided to ANDing circuit 710 if 
the least significant bit of the generated RBH value is a 
logical 0, or the second mask is provided to ANDing circuit 
710 if the least significant bit of the generated RBH value is 
a logical 1. The choice of masks used is made randomly, as 
noted above, using the least significant bit of the value 
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generated by the RBH generator 704 so that half of all flows 
employ one of the two masks. Another bit of the value 
generated by RBH generator may be used. However, it is 
again noted that a given flow, whether unicast or multicast, 
will result in the use of the same mask. It is noted that the 
present invention may be implemented without RBH gen 
erator 704. In an alternative embodiment, the least signifi 
cant bit of the destination IP address (or other data in the 
frame) may be used directly to select one of the masks in 
table 706. 

The destination IP address or the port number associated 
with the destination IP address of the packet in buffer 702 
may be used to select an FPOE from LUT 708. FPOE LUT 
708 outputs an FPOE to circuit 712 corresponding to the 
destination IP address or the port number associated with the 
destination IP address of the packet in buffer 702. The 
FPOEs Stored in LUT 708 are multi-bit values. The number 
of bits in each FPOE typically equates to the number of exit 
ports from fabrics 602 and 604 through which a frame may 
exit. Each FPOE in LUT 708 has seven bits corresponding, 
respectively, to the seven ports of exit 634-646 through 
which a frame may exit switching fabric 602 or 604. In the 
illustrated embodiment, the least significant bit of each 
FPOE stored in LUT 708 corresponds to port of exit 634 in 
fabric 602, and the most significant bit of each FPOE in LUT 
708 corresponds to port of exit 646 in fabric 604. 

Each FPOE in LUT 708 corresponds to one or more 
destination IP addresses (or alternatively, one or more des 
tination port numbers). The bits of each FPOE are judi 
ciously set to logical 1 or logical 0. For example, bits of an 
FPOE which are set to logical 1 identify corresponding ports 
of exit of the fabrics through which a frame may emerge to 
reach a destination IP address of an end device. 

As noted above, circuit 712 receives and concatenates the 
FPOE output of LUT 708 with itself. This concatenated 
value is provided to ANDing circuit 710. ANDing circuit 
710 bit wise ANDS the concatenated FPOE with the mask 
output from mask table 706. The upper and lower halves of 
the result from ANDing circuit 710 is provided to ORing 
circuits 714a and 714b, respectively. ORing circuit 714a bit 
wise ORs the upper half of the result from ANDing circuit 
710, while ORing circuit 714b bit wise ORs the lower half 
of the result from ANDing circuit 710. Further, the upper 
and lower halves of the result from ANDing circuit 710 are 
provided to switching circuits 718a and 718b, respectively. 
The results of ORing circuits 714a and 714b are likewise 
provided to switching circuits 718a and 718b, respectively. 
Switching circuit 718a, in turn, transmits and stores the 
upper half of the ANDing circuit result into field 742a as 
routing if the ORing result of ORing circuit 714a is a logical 
1. Likewise, switching circuit 718b transmits and stores the 
lower half of the ANDing circuit result into field 742b as 
routing data if the ORing result of ORing circuit 714b is a 
logical 1. Once updated with the routing data, the frame in 
one or both buffers are transmitted. Again, if the outputs of 
ORing circuits 714a and 714b are both logical 1, then the 
frames in both buffers 702a and 702b are updated with 
routing data and Subsequently transmitted to fabrics 602 and 
604, respectively, in multicast fashion. If only the output of 
ORing circuit 714a is a logical 1, then only the frame in 
buffer 702a is updated with routing data and subsequently 
transmitted to fabric 602. Likewise, if only the output of 
ORing circuit 714b is a logical 1, then only the frame in 
buffer 702b is updated with routing data and subsequently 
transmitted to fabric 604. Once transmitted to fabric 602 or 
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604, the frame or frames are routed to one or more ports of 
exit in fabric 602 or 604 in accordance with the bit values of 
the frame routing data. 

FIG.8 represents operational aspects of a frame flow from 
an end device coupled to card 606 to an end device coupled 
to card 612. Note in FIG. 6 that card 606 is coupled to fabrics 
602 and 604 via data links 614 and 624, respectively, and 
line card 612 is coupled to fabrics 602 and 604 via data links 
622 and 626, respectively. Frames transmitted between line 
cards 606 and 612 via fabric 602 must transmit via data links 
614 and 622, and frames transmitted between line cards 606 
and 612 via fabric 604 must transmit via data links 624 and 
626. 

RBH generator 704 generates an RBH value in response 
to the destination IP address or the port number associated 
with the destination IP address contained within a frame 
stored in buffer 702. Mask table 706 outputs either mask 802 
or 804 depending upon the least significant bit of the RBH 
value outputted by RBH generator 704 is logical 1 or logical 
0. FPOE LUT 702 outputs FPOE 806 using the same 
destination IP address or port number associated with the 
destination IP provided to RBH generator 704. FPOE 806 is 
concatenated with itself by circuit 712, the result 808 of 
which is provided to ANDing circuit 710. Mask 802 or 804 
is likewise provided to ANDing circuit 710. ANDing circuit 
710 bitwise ANDS mask 802 or 804 with the concatenated 
result 808. The upper half of result 810 or 812 of this 
operation is provided to ORing circuit 714a and switching 
circuit 718a, while the lower half of result 810 or 812 is 
provided to ORing circuit 714b and switching circuit 718b. 
ORing circuits 714a and 714b bit wise OR the upper and 
lower halves, respectively, of ANDing circuit result 810 or 
812. The results of ORing circuits 714a and 714b are 
provided to switching circuits 718a and 718b, respectively, 
which, in turn, transmit either the upper half, the lower half, 
or both halves of result 810 or 812 into the frames of buffers 
702a or 702b as described above. If, ORing circuit 714a 
generates a logical 1 from ORing the upper half of result 810 
or 812, then, the upper half of result 810 or 812 is stored in 
field 742a as fabric routing data, and the frame in buffer 
702a is transmitted to fabric 602. If ORing circuit 714b 
generates a logical 1 from ORing the lower half of result 810 
or 812, then, the lower half of result 810 or 812 is stored in 
field 742b as fabric routing data, and the frame in buffer 
702b is transmitted to fabric 604. 

The number of bits in the routing data in this preferred 
embodiment will equate to the number of exit ports of the 
fabrics. One or more bits of the routing data will be set to 
logical 1. Those bits of the routing data set to logical 1 
designate ports of exit from which the frame, once updated, 
will emerge from the fabrics. In the illustrated example, if 
the most significant bit of the routing data is set to logical 1 
while the remaining bits are set to logical 0, then the frame 
which contains this routing data will emerge from fabric 604 
only at port of exit 646. 

It is noted that a given unicast flow through one of the 
fabrics 602 or 604 may be transformed into a multicast flow, 
or a multicast flow through two points of exit may be 
transformed to a multicast flow through three or more points 
of exit. Transforming a given unicast flow to a multicast flow 
can be achieved by altering the bits of the FPOE stored in 
LUT 708 which corresponds to the unicast flow. For 
example, one of the logical 0 bits of an FPOE could be 
changed to a logical 1 to indicate that the unicast flow should 
be changed to a multicast flow and exit a Switching fabric 
through an additional point of exit. This modificaton can 
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occur during the unicast flow. This modification could be 
inititated externally to the local switch 700 by, for example, 
a router. 

Although the present invention have been described in 
connection with several embodiments, the invention is not 
intended to be limited to the specific forms set forth herein, 
but on the contrary, it is intended to cover Such alternatives, 
modifications, and equivalents as can be reasonably 
included with in the spirit and scope of the invention as 
defined by the appended claims. 

What is claimed is: 
1. A method comprising: 
a memory circuit receiving a data frame to be subse 

quently transmitted to a destination device via a first or 
second Switching fabric, wherein the data frame com 
prises header and data fields, and wherein the first 
Switching fabric comprises data ports through which 
data frames enter or exit the first switching fabric, 
wherein the second Switching fabric comprises data 
ports through which data frames enter or exit the 
second Switching fabric; 

selecting a first multi-bit value from a plurality of first 
multi-bit values according to the data contained in the 
one of the header fields, wherein the selected first 
multi-bit value comprises concatenated first and second 
multi-bit portions, wherein the bits of the first multi-bit 
portion correspond, respectively, to the data ports of the 
first and second switching fabrics, and wherein the bits 
of the second multi-bit portion correspond, respec 
tively, to the data ports of the first and second Switching 
fabrics: 

Selecting a second multi-bit value from a plurality of 
second multi-bit values according to the data contained 
in the one of the header fields, wherein the bits of the 
first multi-bit value correspond, respectively, to the data 
ports of the first and second Switching fabrics; 

concatenating the second multi-bit value with itself to 
produce a concatenated second multi-bit value; 

bit wise logically ANDing the selected first multi-bit 
value with the concatenated second multi-bit value to 
produce a third multi-bit value, wherein the third multi 
bit comprises concatenated first and second portions; 

selecting one of the first and second portions of the third 
multi-bit value; 

adding the selected one of the first and second portions of 
the third multi-bit value to another header field of the 
received data frame; 

transmitting the received data frame from the memory 
circuit to one of the first and second Switching fabrics; 

the data frame exiting the one of the first and second 
Switching fabrics through one or more data ports 
thereof in accordance with the values of the bits of the 
selected one of the first and second portions of the third 
multi-bit value. 

2. The method of claim 1 wherein the memory circuit is 
coupled to the first and second switching fabrics via first and 
second data ports, respectively, wherein the first data port is 
one of the first switching fabric data ports and the second 
data port is one of the second Switching fabric data ports. 

3. The method of claim 2 wherein the data frame is 
transmitted to the first switching fabric via the first data port 
or the second Switching fabric via the second data port. 

4. The method of claim 1 wherein the destination device 
is coupled to the first and second switching fabrics via third 
and fourth data ports, respectively, wherein the third data 
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port is one of the first switching fabric data ports and the 
fourth data port is one of the second switching fabric data 
ports. 

5. The method of claim 4 wherein the data frame is 
transmitted from the first switching fabric to the destination 
device via the third data port or the data frame is transmitted 
from the second switching fabric to the destination device 
via the fourth data port. 

6. The method of claim 4 wherein each bit of the first and 
second portions of the first multi-bit value is set to logical 1 
or logical 0, wherein each of the first and second portions of 
the first multi-bit value comprises a first bit that corresponds 
to the fourth data port, and wherein only one of the two first 
bits is set to logical 1. 

7. The method of claim 1 wherein each bit of the second 
multi-bit value is set to logical 1 or logical 0, wherein each 
bit set to logical 1 corresponds, respectively, to one of the 
data ports of the first and second Switching fabrics through 
which the data frame may exit to reach the destination 
device. 

8. The method of claim 1 wherein only one bit of the 
selected one of the first and second portions of the third 
multi-bit value is set to logical 1, and wherein the one bit 
corresponds to a particular data port of the first and second 
Switching fabric ports through which the data frame must 
exit to reach the destination device. 

9. An apparatus comprising: 
a memory circuit configured to receive a data frame to be 

Subsequently transmitted to a destination device via a 
first or second switching fabric, wherein the data frame 
comprises header and data fields, wherein the first 
Switching fabric comprises data ports through which 
data frames enter or exit the first switching fabric, and 
wherein the second Switching fabric comprises data 
ports through which data frames enter or exit the 
second Switching fabric; 

a first circuit coupled to the memory circuit, wherein the 
first circuit is configured to receive data from one of the 
header fields, and wherein the first circuit is configured 
to produce a first multi-bit value in response to receiv 
ing the data; 

a second circuit coupled to the memory circuit, wherein 
the second circuit is configured to receive the data, and 
wherein the second circuit is configured to produce a 
second multi-bit value in response to receiving the data; 

a third circuit coupled to the first and second circuits, 
wherein the third circuit is configured produce a third 
multi-bit value in response to receiving the first and 
second multi-bit values from the first and second cir 
cuits, respectively, wherein the third circuit is config 
ured to add the third multi-bit to another header field of 
the data frame; 

wherein the memory circuit is configured to transmit the 
data frame to the first or second switching fabric after 
the third multi-bit value is added to the header field; 

wherein the third multi-bit value identifies one of the data 
ports of the first or second switching fabrics through 
which the data frame must exit the switching fabric to 
reach the destination device. 

10. The apparatus of claim 9 wherein the memory circuit 
is coupled to the first and second switching fabrics via first 
and second data ports, respectively, wherein the first data 
port is one of the first switching fabric data ports and the 
second data port is one of the second Switching fabric data 
ports. 

11. The apparatus of claim 9 further comprising the first 
and second Switching fabrics and the destination device, 
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wherein the destination device is coupled to the first and 
second Switching fabrics via third and fourth data ports, 
respectively, wherein the third data port is one of the first 
switching fabric data ports and the fourth data port is one of 
the second Switching fabric data ports. 

12. The apparatus of claim 11 wherein each bit of the 
second multi-bit value is set to logical 1 or logical 0, wherein 
each bit set to logical 1 corresponds, respectively, to one of 
data ports of the first and second Switching fabrics through 
which the data frame may exit to reach the destination 
device. 

13. The apparatus of claim 11 wherein the first multi-bit 
value comprises concatenated first and second multi-bit 
portions, wherein the bits of the first multi-bit portion 
correspond, respectively, to the data ports of the first and 
second switching fabrics, wherein the bits of the second 
multi-bit portion correspond, respectively, to the data ports 
of the first and second switching fabrics, wherein each of the 
first and second portions of the first multi-bit value com 
prises a first bit that corresponds to the fourth data port, and 
wherein only one of the two first bits is set to logical 1. 

14. The apparatus of claim 11 wherein the third circuit 
comprises a concatenation circuit and an ANDing circuit, 
wherein the concatenation circuit is configured to concat 
enate the second multi-bit value with itself to produce a 
concatenated second multi-bit value, and wherein the AND 
ing circuit is configured to bit wise logically AND the first 
multi-bit value with the concatenated second multi-bit value. 

15. The apparatus of claim 11 wherein only one bit of the 
third multi-bit value that is set to logical 1, and wherein the 
one bit corresponds to one data port of the first and second 
switching fabrics through which the data frame must exit to 
reach the destination device. 

16. An apparatus comprising: 
a buffer configured to receive a first data frame and a 

second data frame to be transmitted to a destination 
device; 

a routing data generation circuit coupled to the buffer, 
wherein the routing data generation circuit is config 
ured to generate and add a first routing data to the first 
data frame, wherein the first routing data identifies a 
first data port of a first switching fabric through which 
the first data frame will exit to reach the destination 
device; 

wherein the routing data generation circuit is configured 
to generate and add a second routing data to the second 
data frame, wherein the second routing data identifies 
a second data port of a second Switching fabric through 
which the second data frame will exit to reach the 
destination device, and wherein the second data port is 
different from the first data port; 

wherein the buffer is configured to transmit the first data 
frame to the first switching fabric after the routing data 
generation circuit adds the first routing data to the first 
data frame; and 

wherein the buffer is configured to transmit the second 
data frame to the second switching fabric after the 
routing data generation circuit adds the second routing 
data to the second data frame. 

17. The apparatus of claim 16, wherein the routing data 
generation circuit is configured to generate the first routing 
as a function of 

a port data set, wherein the port data set identifies one 
selected data port for each of a plurality of devices 
coupled to at least one of the first and second Switching 
fabrics; and 
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a destination data set, wherein the destination data set 

identifies each available data port coupled to a set of 
destination devices among the plurality of devices. 

18. The apparatus of claim 17, 
wherein the port data set comprises a set of port bits, 

wherein each port bit corresponds to a data port 
coupled to the plurality of devices and indicates a 
Selection or non-selection of the corresponding data 
port; and 

wherein the destination data set comprises a set of device 
bits, wherein each device bit corresponds to a data port 
coupled to the plurality of devices and indicates a 
Selection or non-selection of a corresponding device. 

19. An apparatus comprising: 
a memory circuit configured to receive a first data frame 

and a second data frame to be transmitted to a desti 
nation device; 

means coupled to the memory circuit, to generate and add 
a first routing data to the first data frame, wherein the 
first routing data identifies a first data port of a first 
switching fabric through which the first data frame will 
exit to reach the destination device; 

means coupled to the memory circuit, to generate and add 
a second routing data to the second data frame, wherein 
the second routing data identifies a second data port of 
a second Switching fabric through which the second 
data frame will exit to reach the destination device, and 
wherein the second data port is different from the first 
data port; 

wherein the memory circuit is configured to transmit the 
first data frame to the first switching fabric after the first 
routing data has been added to the first data frame; and 

wherein the memory circuit is further configured to trans 
mit the second data frame to the second Switching 
fabric after the second routing data has been added to 
the second data frame. 

20. The apparatus of claim 19, wherein the means coupled 
to the memory circuit is configured to generate the first 
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a set of port bits, wherein the set of port bits identifies one 
selected data port for each of a plurality of devices 
coupled to at least one of the first and second Switching 
fabrics, and wherein each port bit corresponds to a data 
port coupled to the plurality of devices and indicates a 
Selection or non-selection of the corresponding data 
port; and 

a set of device bits, wherein the set of device bits identifies 
each available data port coupled to a set of destination 
devices among the plurality of devices, and wherein 
each device bit corresponds to a data port coupled to the 
plurality of devices and indicates a selection or non 
Selection of a corresponding device. 

21. A method comprising: 
receiving a first data frame and a second data frame to be 

transmitted to a destination device; 
generating and adding a first routing data to the first data 

frame, wherein the first routing data identifies a first 
data port of a first switching fabric through which the 
first data frame will exit to reach the destination device; 

generating and adding a second routing data to the second 
data frame, wherein the second routing data identifies 
a second data port of a second Switching fabric through 
which the second data frame will exit to reach the 
destination device, and wherein the second data port is 
different from the first data port; 
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transmitting the first data frame to the first Switching 
fabric after the first routing data has been added to the 
first data frame; and 

transmitting the second data frame to the second Switch 
ing fabric after the second routing data has been added 
to the second data frame. 

22. The method of claim 21, wherein the first routing data 
are generated as a function of 

a port data set, wherein the port data set identifies one 
selected data port for each of a plurality of devices 
coupled to at least one of the first and second Switching 
fabrics; and 

a destination data set, wherein the destination data set 
identifies each available data port coupled to a set of 
destination devices among the plurality of devices. 

23. The method of claim 21, further comprising: 
selecting the first switching fabric for a first data flow 

comprising the first data frame; and 
Selecting the second Switching fabric for a second data 

flow comprising the second data frame. 
24. The method of claim 23, 
wherein the selecting the first switching fabric for the first 

data flow comprises a random selection of a Switching 
fabric; and 

wherein the selecting the second switching fabric for the 
second data flow comprises a random selection of a 
Switching fabric. 

25. A computer readable medium storing instructions 
executable by a computer system to implement a method, 
the method comprising: 

receiving a first data frame and a second data frame to be 
transmitted to a destination device: 

generating and adding a first routing data to the first data 
frame, wherein the first routing data identifies a first 
data port of a first switching fabric through which the 
first data frame will exit to reach the destination device; 

generating and adding a second routing data to the second 
data frame, wherein the second routing data identifies 
a second data port of a second Switching fabric through 
which the second data frame will exit to reach the 
destination device, and wherein the second data port is 
different from the first data port; 

transmitting the first data frame to the first Switching 
fabric after the first routing data has been added to the 
first data frame; and 

transmitting the second data frame to the second Switch 
ing fabric after the second routing data has been added 
to the second data frame. 

26. The computer readable medium of claim 25, wherein 
the first routing data are generated as a function of 

a port data set, wherein the port data set identifies one 
selected data port for each of a plurality of devices 
coupled to at least one of the first and second Switching 
fabrics; and 

a destination data set, wherein the destination data set 
identifies each available data port coupled to a set of 
destination devices among the plurality of devices. 
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27. An apparatus comprising: 
a buffer configured to receive a data frame to be trans 

mitted to a destination device via a first or second 
switching fabric, wherein the first switching fabric 
comprises data ports through which data frames enter 
or exit the first switching fabric, and wherein the 
second Switching fabric comprises data ports through 
which data frames enter or exit the second Switching 
fabric; and 

a routing data generation circuit coupled to the buffer, 
wherein the routing data generation circuit is config 
ured to generate and add routing data to the data frame 
received by the buffer, wherein the routing data iden 
tifies one of the data ports of the first or second 
switching fabric through which the data frame will exit 
to reach the destination device; 

wherein the buffer is configured to transmit the received 
data frame to at least one of the first and second 
Switching fabrics after the routing data generation 
circuit adds the routing data to the data frame; 

wherein the routing data generation circuit is configured 
to generate the routing data as a function of 
a port data set, wherein the port data set identifies one 

selected data port for each of a plurality of devices 
coupled to at least one of the first and second 
Switching fabrics, and 

a destination data set, wherein the destination data set 
identifies each available data port coupled to a set of 
destination devices among the plurality of devices. 

28. A method comprising: 
receiving a data frame to be transmitted to a destination 

device via first or second switching fabrics, wherein the 
first Switching fabric comprises data ports through 
which data frames enter or exit the first switching 
fabric, and wherein the second Switching fabric com 
prises data ports through which data frames enter or 
exit the second Switching fabric; 

generating and adding routing data to the data frame 
received by the memory circuit, wherein the routing 
data identifies one of the data ports of the first or second 
switching fabric through which the data frame will exit 
to reach the destination device; and 

transmitting the received data frame to at least one of the 
first and second Switching fabrics after the routing data 
has been added to the data frame; 

wherein the routing data are generated as a function of 
a port data set, wherein the port data set identifies one 

selected data port for each of a plurality of devices 
coupled to at least one of the first and second 
Switching fabrics, and 

a destination data set, wherein the destination data set 
identifies each available data port coupled to a set of 
destination devices among the plurality of devices. 


